Introduction
Fagopyrum tataricum is well known as a crop with abundant flavonoids, has nutrition and health value for human beings. Flavonoids are secondary metabolites related to plant development and stress resistance [1] . Phenylalanine ammonia-lyase (PAL), which catalyzes the deamination of L-phenylalanine to produce transcinnamic acid, is the first key enzyme of flavonoid metabolic pathway. Expression of PAL could be induced by various stress-related stimuli including low temperature, bending stress, and light in many plant species. The expression level of PAL effectively influences the biosynthesis of flavonoids [2, 3] . As an important component of eukaryote gene expression regulation, the promoter plays an important role in spatial and temporal regulation of gene expression via controlling the efficiency of start and start frequency.
In order to adapt to different environment, various cis-elements in the promoter respond to elicitors outside to control the expression of genes. A number of cis-elements have been identified from varied species that have been shown to involving responding to stimuli of light, signal molecule and invading bacteria [4] [5] [6] .
Previous findings indicate that Pal promoters play important roles during the various developmental stages and stress conditions in plants. The results of transgenic experiments have showed that the GUS gene is expressed in a spatial and temporal pattern under the control of Pal promoters [7] [8] [9] . In addition, Pal promoter of sugar beet is involved in recognition of the repression signal from fungal pathogens. As the expression and enzyme activity level of PAL reduce, plant defense reactions are repressed resulting in plant diseases [10] . Pal promoter in Pinus taeda significantly increases the activity of genes for lignin biosynthesis under bending stress [8] . The study on Arabidopsis Pal promoter demonstrate that it could also be induced by wounding, HgCl 2 -stress, and light [11] .
For the great value of F. tataricum and important role of Pal promoter, it is necessary to investigate its functional properties. But so far, Pal promoter from Fagopyrum plants has not been studied. In this study, we report the isolation of Pal promoter from F. tataricum and characterize the same in transgenic tobacco.
Experimental Procedures

Materials
Seeds of F. tataricum (cv. XiQiao II) and Nicotiana tabacum line NT12 were produced in the laboratory. Seedlings of F. tataricum were grown in a greenhouse and N. tabacum were grown in MS Culture medium. Agrobacterium tumefaciens strain LBA4404 and plant transformation vectors pBI121 were made in the laboratory. T-vector pMD19-T and LA Taq polymerase were purchased from the Takara (Dalian, China).
5-Bromo-4-Chloro-3-Indolyl-β-D-Glucuronic acid (X-gluc), 4-methylumbelliferone (4-MU) and 4-methylumbelliferyl-β-d-glucuronide (4-MUG) were purchased from Sigma (Shanghai, China).
Isolation of the PFtPal from F. tataricum
Total DNA was isolated from young leaves of F. tataricum using the modified SDS method described earlier [12] . The method of Tail-PCR (Thermal asymmetric interlaced PCR) was used to isolate 5' flank promoter region of Pal from F. tataricum as previously described [13, 14] . Based on the Pal gene sequence of F. tataricum (GenBank: GQ285125.1), a series of nested specific primers (SP) of Pal and arbitrary degenerate primers (AP) ( 
Construction of PFtPal promoter-GUS fusion vector
In order to locate the core region and the potential transcription start site of PFtPal, 5' terminal deletion mutation was performed. For 5'end deletions, a series of specific primers ( Table 1) containing Hind III and Xba I restriction sites were used to generate sequential deletions from the 5' end of the PFtPal promoter.
To construct plant transformation vectors fusing the PFtPal promoter or its derivatives with GUS gene, 5' end deleted fragments were digested and ligated into the corresponding sites of the binary vector pBI121 ( Figure 2B ).
Plant transformation and histochemical analysis
The recombinant vectors were transfected into Agrobacterium tumefaciens strain LBA4404 by freeze-thaw method [15] . Agrobacterium-mediated transformation of tobacco leaves was performed by using the leaf discs method [16] . For transient expression, the leaf discs were cultured on MS medium in dark for 3 days. For the further analysis, the leaf discs were cultured on MS medium containing 0.5 mg L -1 6-Benzylaminopurine (6-BA) and 0.05 mg L -1
Naphthaleneacetic acid (NAA). The seedlings were cut off and cultured on 1/2 MS medium containing 100 mg L -1 kanamycin to induce roots and select the transgenic seedlings. Histochemical analysis of GUS in transgenic plant leaves were performed with X-gluc as the substrate [17] . After staining of tobacco leaves, chlorophyll was removed from leaves by incubating in 75% (v/v) ethanol at 70°C.
Low temperature treatment
Suspension-culture of tobacco cells was performed as described earlier with some modification [5, 18] . Tobacco leaves had been cultured on MS medium containing 6-BA (1.5 mg L -1 ) and 2, 4-D (1 mg L -1 ) at 25°C in the dark to induce the production of callis, which were used as explants for Agrobacteriummediated transformation. The transformed tobacco callis were cultured on MS medium in dark for 2 days then washed thrice with water containing 400 mg L -1 timentin. Transgenic callis were separated into small fragments and cultured in MS liquid medium containing 1 mg L -1 2, 4-D and 1 mg L -1 6-BA at 25°C in the dark for 7 days. 50 ml culture products were stored at 4°C in the dark and another 50 ml were stored at 25°C in the dark as the controls. GUS activity analysis of transgenic tobacco callis were performed by a fluorometric assay using 4-MUG as substrate [17] . GUS activity was expressed as picomoles of methylumbelliferone per minute per milligram of protein. A minimum of three independent suspension-cultured cells of transgenic callis were used for each construct.
Results
Cloning and bioinformatics analysis of PFtPal
Through three rounds of nest PCR amplification, a specific DNA fragment was amplified from F. tataricum genomic DNA by SP primers and AP3. Sequencing and bioinformatics analysis showed that this segment included 1702 bp of 5' upstream of the Pal coding sequence and contained multiple cis-elements ( Figure 1 ). This sequence was submitted to GenBank (accession number: KF463139) and named as PFtPal in this study. Prediction of cis-elements showed that this fragment contained fundamental elements like TATA-BOX [19] and CAAT-BOX [20] . Some special elements were also found. MYBPLANT is a conserved element that exists in promoters of phenylpropanoid biosynthesis genes [21, 22] . DRE2-motif [23] , MYC-motif [24] and LTRE-motif [25, 26] functioned in cold-responsive gene expression. Prediction of NNPP showed that there were four potential transcription start sites located at -1423 bp, -1313 bp, -900 bp, -124 bp (Figure 1) , relative to the translation initiation site.
Transient expression of PFtPal-GUS fusions
To determine the core promoter region of PFtPal, a series of 5' deletion fragments of PFtPal were fused with GUS gene ( Figure 2B ) and transformed into tobacco leaves. After staining and decoloration, the histochemical analysis showed that all of PFtPal and its derivatives could drive GUS gene expression in tobacco leaves (Figure 3a to h ).
Tissue-specific expression of PFtPal-GUS fusion
To identify the tissue-specific expression of GUS driven by PFtPal, the 1.7k bp promoter fragment was fused with GUS gene and transformed into tobacco by Agrobacterium tumefaciens strain LBA4404.
Histochemical staining was performed as described in the methods section. As seen in Figure 3 (i to k), PFtPal-GUS had high level of expression in chlorenchyma and conducting tissue of root hair zone and root cap. GUS activity was not detected in stem. Pal coding region Pal promoter region
Induction of PFtPal-GUS by cold temperatures
In order to determine the ability to respond to cold condition, suspension culture production of transgenic tobacco callis harboring the PFtPal-GUS fusion and pBI121 vector were exposed to low temperature.
Detection of GUS enzyme activity was performed as described previously [17] . We observed that both PFtPal and CaMV 35S could respond to the simulated cold conditions and enhance the expression level of GUS, however PFtPal had a stronger response to low temperature ( Figure 4) . After cold treatment, PFtPal promoter increased the expression of GUS by at least 2.8-fold.
Discussion
In this study, we isolated the promoter of Pal from F. tataricum for the first time and characterized the same in transgenic tobacco. A series of 5' end deletion fragments of this promoter were detected using transient expressions assays, which demonstrated that the activity of a truncated promoter from position -1 bp to -274 bp retained the ability to initiate the expression of GUS in transgenic tobacco leaves. This region is enough to keep the basic function of PFtPal promoter. Bioinformatics analysis showed a TATA-box was located in the region between -148 bp and -154 bp and a potential transcription start site at the position of -124 bp. Combining the results of bioinformatics and the deletion analysis, we conclude that the region of -1 bp to -274 bp is the equal of core promoter and the positions of TATA-box and transcription start site correspond to the typical core promoter model [27] . Bioinformatics analysis of PFtPal also showed that multiple cis-elements including fundamental and special elements were found in this promoter. These results show that PFtPal has an important role in regulation of transcription and to environment stimulon. PAL is an important enzyme in phenylpropanoid metabolic pathway [28] , and the expression level of PAL is highly related to the synthesis of flavonoids [3, 29] . The role in spatio-temporal expression of Pal promoters have previously been reported [8, 11, 30] . Our results indicate that PFtPal could drive high level of expression of GUS in chlorenchyma and tissue of root hair zone and root cap in transgenic tobacco. The regulation role of PFtPal is consistent with the accumulation of flavonoids in F. tataricum. In addition, the activity of GUS could not been detected in stems. This difference may be attributed to the lack of critical cis-elements in the PFtPal promoter as isolated, or because certain PFtPal cis-acting elements act as an inhibitor in the transgenic tobacco stems [8] .
In order to identify the responsiveness to cold, transgenic tobacco callis containing PFtPal-GUS fusion was stimulated by cold and the activity of GUS was measured using fluorospectrophotometry. Our data showed that PFtPal could respond to the cold stimulon and obviously enhance the expression level of GUS. Previous reports have demonstrated that expression level of PAL is induced by cold in Arabidopsis thaliana [3] . As a crop growing at high altitude and regions of low temperature, F. tataricum adapt to the cold environment In conclusion, Pal promoter from F. tataricum was isolated and characterized in transgenic tobacco and using bioinformatics. The results demonstrate that PFtPal confers Pal tissue-specific and cold-induced expression in F. tataricum. Our study provides a candidate promoter that controls Pal expression from Fagopyrum plants and will contribute to the progress of molecular breeding in Fagopyrum plants.
